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© Unsaturated cycloaliphatic esters like higher hydrocarbyl, functionally substituted or polyunsaturated 
cyclohex-3-ene carboxylates, made directly by cycloaddition of dienes with dienophillic (meth/eth)acrylates, and 
their derivatives like epoxides and urethanes, provide useful thermal and radiation curable coatings, inks, 
sealants, adhesives, solvents, acid scavengers, and intermediates for other uses. 
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Technical Field . 
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3^ eX derivative thereof osefut in eorabie coat.nos. 
RaHmroun d of trie Invention 

Diels-Alder reaction, is shown in Equation I. 
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, yc Patent No 1 ,944,732 

Such reactions are we,, known and -~jb-^ ^tone compound, 

<Diels et al) discloses reacting d.enes w.th aero ein a ^" c , m BasicPrincipJe^o^Or^ 

S oph lie esters, such as ethyl acrylate. « .mE^iE^f^ 
Chemistry, Pages 262-265, W. A. ^ -° "iminum Chloride Catalyzed Diene Condensa- 

diiSi^n-d dienophiles are disclosed by Koj ma * toward Butadiene, Isoprene and 2 

ton V. Selectivity Reactivity Relationship of JJ«"°^ 13 42-1348 (1970). Reactions of 1- 

Trif.uoromethy.butadiene", Jourm^ofOr^^ are disclosed by Danishefs y et 

pheny.seleno-2-trimethy.si.yloxy-4-me^ 

a, in "A Diels-Alder Route to Funct.onal.zed meth>- 
\i. Pages 1819.821 ^J^ZS^^ ^ " * d0 " d * 
^ £SS ™ ' compounds are also described in the 

^Src^oaddition reactions and ^f^i^^SSi dlenes with dienophiles which are « fl- 
Hterature U S. Patent No. 2,794,812 (Philips et al. .^ ses ^ 9 and oxidation t0 produce 7-oxab.cyclo- 
un 3 ated aliphatic acids foHowed by estate ™ th f £ ^ (Frostick et al.) discloses eye c 
heotane 3-carboxylic acids and esters. US. Patent no. , a | de hydes. These cyclic 

Sited aldehUs -de by .^^jtTCST!^ to form the unsaturated 
aldehydes are coupled by the T.schenKO die poxycycloaliphatic esters. U.S. Patent no. 

, dcydoaliphatic esters, which are epox.d'zed tJJ^to d ^J jp Ltic aldehydes to the corresponding 
2 745 847 (Phillips et al.) discloses o*"9 u ™ -acted with glycols of aliphatic or oxyalkylene 
unsawed cycioa.iphatic carboxy.ic acid, ^^Z^c testers which are then epoxidized to the 
I! j e dihydric alcohols to form unsaturated d.cycloal 'PJf c , } disclose s reducing unsatu- 

cor e' ponding Epoxides. Similarly. U.S. Patent No. ,75 ^y^p^tic alcohols, which are reacted 
, rated cycloaliphatic aldehydes to the corres pond "9 "nsjuratea < y jdized to the correspond- 

5 ^h d^arboxylic acids to form ^'^J^^X^ cydohexene carboxy.ic add with 

Z^ 5 ^°^^" diSC,OS6d " P " Zade ' ^ ^ 
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Khim. , 9(4), Pages 715-719 (1973), Chemical Abstracts , 79:31748k. These compounds are then epoxidized 
to form~the corresponding epoxide. Bis(cyclohexene car boxy lates), made by reacting cyclohexene carbox- 
ylic acid with ester dichlorides, and then oxidizing or halogenating to epoxy or dihalo products, are 
disclosed by Pishnamazade et al„ in Zh. Org. Khim, 10(4), Pages 712-717 (1974), Chemical Abstracts, 

5 :25473s; and Kerimov et a!., in Azerb. Khim. Zh. , (3), Pages 52-57 (1983), Chemical Abstracts, 
100:1 91 41 Oz. ~~~ ~ 

Production of various, such as functionally substituted or multifunctional, unsaturated cycloaliphatic 
compounds has involved multiple reactions. For example, diene is reacted with dienophilic acid or aldehyde 
to produce unsaturated cycloaliphatic acid or aldehyde. The aldehyde is then reduced to the corresponding 

70 alcohols, oxidized to the corresponding acid, or coreacted to produce corresponding di(esters). Through 
further reactions, the unsaturated cycloaliphatic acids are esterified either directly with alcohols or using 
base to form the corresponding salt and reaction with halides for further derivatization. These procedures 
require multiple reactions and/or produce by-products, such as salts, requiring disposal. Of course, a by- 
product, KG, which had to be removed and properly disposed of in additional steps, was formed with the 

75 earlier-cited reaction sequence of Kerimov et al. It would be desirable if a more direct procedure could be 
provided for producing certain unsaturated cycloaliphatic esters. 

Summary of the Invention 



20 This invention relates to a process for producing unsaturated cycloaliphatic esters represented by 
Formula 1. 
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R 5 C<-R 6 >i-x 
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R 4 C 



R 9 0 



C -cO-) n R 10 



(R 7 CR 8 ) X 



(1) 



R 3 C 



CH- 
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In Formula 1: n is at least 1; Ri-s are each, independently, hydrogen, C1-10 hydrocarbyl with or without 
halo substitution, halo, cyano, or silyl; R9 is hydrogen, methyl, or ethyl; R10 is hydrocarbyl or oxyhydrocar- 
byl, provided Rio has at least 5 carbon atoms or is oxyhydrocarbyl or is -CH = CH2 when n is 1; and x is 0 
or 1. The process comprises a reaction using diene represented by Formula 2. 
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R 3 C-C(-R 1 ) 1 _ X 
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In Formula 2, Ri - 8 and x are as defined in Formula 1. The diene is reacted with a dienophilic (meth/eth)- 
acrylate represented by Formula 3. 
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Rq° (3) 
I II 

(H 2 C«C-CO-) n Kio 

in Formula 3, n.and R 9 -io are as defined I in ^"^1. nydroge nating and transesterifying unsaturated 
This invention also relates to processes for eprochzmO ny 9 cyc loaliphatic esters can be 

cycloaliphatic esters represented by ^aj ^e ^ ^^.^ multi ple bonds with an 
prepared by reacting a compound w.th \^«™jXen. in subsequent reactions, these unsatu- 
rate through a Die.s-Alder reaction as md.cated above^ Then ^ ^ peracetjc add 

raJd cycloaliphatic esters can be 

cycloaliphatic epoxide or reduced to the sat ««S5S the unsaturated or saturated compound or the 
of the invention can also be P radu f ^ y J^°^ XI compounds of this invention can be made by a 

t^^^^"^ 9 ^^^ - — i,ica,ion md su05equ 

epoxidation or hydrogenation and the hke rvc|oaliDnatic esters of Formula 1 above and derivatives 

Detailed Description 

-Th^ound that unsaturated ^^^^^J^t^^^ 
substituted alcohol moiety or Po'V^aturatio can be madron ^ ^ unnecessary by . produc . 

ester. The esters are produced w.thout the need l for mul P oduct formation, that prev.ously 

Thus, in a single reaction step, a compound Ns made. ^^JL of the cyc.ohex-3-ene carbox- 
reguired up to three reaction ste ps for «s * anufact ure e , ^ ^ ^ fina||y reactton of the 

' po^rs^^ —and 

a r^^^ — to - any radical conta,n,n9 

oxygen, hydrogen and carbon atoms. 
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Cycloaddition . 

R 4 C-CR 6 (4) 
K3C-CR! 
P 2 

, Formula . are as defined in Formula , When x is , the diene is a cydopentadiene, represented 
by Formula 5. 
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In Formula 5, R2-5 and R 7 - 8 are as defined in Formula 1. In Formulas 2, 4 and 5, four or more of Ri- 8 are 
preferably hydrogen, more preferably R 3 or R 4 are hydrogen, and most preferably R 3 and R 4 are both 
hydrogen. 

75 Illustrative diene substituents, represented by R1 - 8 in Formulas 2, 4 and 5, include, among others: 

hydrogen; alkyl such as methyl, ethyl, propyl, butyl, etc.; aryl such as phenyl; cycloalkyl such as 
cyclohexyl; halo-substituted hydrocarbyl such as polyfluoromethyl; halo such as fluoro, chloro, bromo, iodo, 
etc.; cyano; and silyl such as polymethylsilane. 

Suitable dienes include, among others, one or more: 1 ,3-butadiene; homologs of butadiene; isoprene; 

20 homologs of isoprene; 1 ,3-pentadiene; cyclopentadiene; myrcene; phellandrene; 1 ,3-hexadiene; 2,4-hex- 
adiene; 1 ,3,5-hexatriene; 1 ,3-octadiene; 2,4-octadiene; 3,5-octadiene; 1 ,3,5,7-octatetraene; 2-trifluoromethyl- 
1,3-butadiene; 1-methy 1-1 ,3-butadiene; 2-methyl-1 ,3-butadiene; 1-phenyl-1 ,3-butadiene; 2-pheny 1-1 ,3-butadi- 
ene; 1-cyclohexyl-1,3-butadiene; 2-cyclohexy 1-1 ,3-butadiene; 1-cyclohexyl-1 ,3-isoprene; 2-cyclohexyl-1 ,3- 
isoprene; 1-chlorol-1 ,3-butadiene; 2-chloro-1 ,3-butadiene; 1-cyano-1 ,3-butadiene; 2-cyano-1 ,3-butadiene; 

25 2,3-dimethyl-1 ,3-butadiene; and the like. Preferred dienes include 1 ,3-butadiene, isoprene and cyclopen- 
tadiene. 

Dienophilic (meth/eth)acrylates, i.e. dienophiles, are as shown in Formula 3. In Formula 3, R 9 - 10 and n 
are as defined in Formula 1. The number of acrylic groups, defined by n, is typically from 1 to about 10" 
and when polyacrylic is preferably from 2 to about 6. R 9 is preferably hydrogen or methyl, and most 
30 preferably hydrogen. 

Illustrative R10 groups include, among others: C 5+ alkyl such as pentyl, hexyl, octyl dodecyl, hexadecyl, 
and so on; aryl such as phenyl; cycloalkyl such as cyclohexyl; vinyl; alkoxy such as ethoxy; aryloxy such as 
phenoxy; hydroxyalkyl such as hydroxy ethyl, hydroxypropyl, 2-ethyl-2-hydroxyethyl, and so on; alkoxylated 
hydroxyatkyls, including addition products of hydroxyalkyls with alkylene oxides like ethylene oxide, 
35 propylene oxide, tetrahydrofurans, methoxytetrahydrofurans, lactones like caprolactone and valerolactone 
and propiolactone, such as -CH 2 CH 2 -0-(CH 2 CH 2 0) m -H, -CH 2 CHCH 3 -0-(CH 2 CH 2 0) m -H, -CH 2 CH 2 -0- 
(CH 2 CHCH 3 0) m -H, -CH 2 CHCH 3 -0-(CH 2 CHCH 3 0) m -H, -CH 2 CH 2 -0-((CH 2 hO) m -H, -CH 2 CHCH 3 -0-((CH 2 ) 4 ) m - 
H, -CH 2 CH 2 -0-((CH 2 ) 5 0) m -H, -CH 2 CHCH 3 -0-((CH 2 ) 5 ) m -H, -CH 2 CH 2 -0-(CO(CH 2 ) 5 0) m -H, -CH 2 CHCH 3 -0- 
(CO(CH 2 ) 5 0) m -H, and the like where m is from 1 to about 25, preferably from 1 to about 10; or the residue 
40 formed by reacting (meth/eth)acrylic acid with polyhydroxy compound, i.e., compounds having 2 or more 
hydroxyl groups, providing polyvalent residue R 10 - For example, R10 is CH 3 CH 2 C(CH 2 0-) 3 with n equal to 3 
or is -0-CH 2 CH 2 -0-CH 2 CH 2 -0- with n equal to 2 when the polyhydroxy compound is tri methyloTpro pane or 
diethylene glycol, respectively. Illustrative polyhydroxy compounds include, among others, one or more: 
ethylene glycol; diethylene glycol; triethylene glycol; tetraethylene glycol; trimethylolpropane; pentaeryth- 
45 ritol; 1,3-butylene glycol; polyethylene glycol; caprolactone; tripropylene glycol; poly(rpopylene glycol); 
Bisphenol A; linseed oil; soybean oil; as well as alkoxylated derivatives of such polyhydroxy compounds. 

Illustrative dienophilic (meth/eth)acrylates, by which is meant acrylates, methacrylates, and ethacrylates, 
include, among others, one or more: esters of (meth/eth)acrylic acid with monohydric and polyhydric 
compounds, such as pentyls, hexyls, octyls, decyls, and the like; neopentyl diacrylate; esterdiol diacrylates 
50 such as 2,2-dimethyl-3-hydroxypropyl-2,2-dimethyl- 3-hydroxypropionate diacrylate; trimethylolpropane 
triacrylate; pentaerythritol di-, tri-, and tetraacrylate; hydroxyethyl acrylate; hydroxypropyl acrylate; (poly)- 
caprolactone acrylates; ethoxylated acrylates; propyoxylated acrylates; glycerol acrylates; triethylene glycol 
diacrylate; tetraethylene glycol diacrylate; ethoxyethyl acrylate; cyclohexyl acrylate; 2-phenoxyethyl ac- 
rylate; isobornyl acrylate; 1,3-butylene glycol diacrylate; 1 ,4-butanediol diacrylate; 1 ,6-hexanediol diacrylate, 
glycidyl acrylate; dipentaerythritol acrylates; polyethylene glycol) acrylates; caprolactone di-, tri-, and 
tetracrylates, as well as other lactone acrylates; tripropylene glycol diacrylate; polypropylene glycol) 
acrylates; ethoxylated or propoxylated Bisphenol-A diacrylates; alkoxylated esterdiol diacrylates such as 
ethoxylated or propoxylated 2,2-dimethyl-3-hydroxypropyl-2,2-dimethyl-3-hydroxypropionate diacrylates- ac- 
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■■ i twisted or propoxylated trimethylolpropane tr.acrylate, 
• rv ,ates of caprolactone reacted with esterd.ols; ethoxyla unsaturated polyesters contammg 
Lthoxvlated or propoxylated pentaerythrt.ol d.-. tn- or unsaturated dica rboxylic acids; 

J^^m*^ 01 «»». « J ^^fronln^ona,. whan .is., or polyfunconal, 

- <h ^zxzzsz -~ * E -*- 11 and "'• respe * e,y ' 

R 5 CR € 
/ \ R 9° 

75 I ~ R„C C-COR 10 

R 4 OCR 6 *9° - H I 

R3C-CR! H 2 CC-COR 10 * 3 C 2 

20 R 2 R 2 CRi 



Diene 
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Acrylate ^. c » r boxylate 

R 5 CR 6 



/ \i 9 ! , 

*<cU ?.? - ,"1 f' co " ln l ° «»> 

R^C-CR, (H 2 CC-CO-) n R 10 *3 C 
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R 2 R 2 CR : 
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Diene 



Polyacrylate Policy 1-carboxy late ) 



. C,c„o «oe, - , . , - - — or p*— (m ~, atM 33 s.owo * 
Equations IV and V, respectively. 
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R 4 C-C 
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R 7 CR 8 
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R 3 OC 
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Cyclopenta- 
diene 



R 9 0 ' 



(H 2 C-C-CO-) n R 10 



Polyacry 1 ate 



RcC 



R 4 C 



/AT 



C-CO-} R 10 
{ 1r 7 CR b | n (V) 



R 3 C 



CH- 



\ / 

R 2 C 

Poly (norbor-3-ene- 
1-carboxylate) 



75 The relative proportion of diene to dienophile is not narrowly critical and may vary depending on the 

degree of functionality, i.e. number of acrylic groups, in the dienophilic (meth/eth)acrylate. Usually, the 
amount of diene to dienophile (meth/eth)acrylate is from about 5:1 to about 0.1:1, preferably from about 3:1 
to about 0.2:1 and most preferably from about 2:1 to about 0.5:1, moles of diene per mole of ethylenic 
unsaturation in the dienophilic (meth/eth)acrylate. 

20 The particular reaction conditions for cycloaddition are not critical but can be any effective, including 

known, procedures for reacting dienes with dienophiles sufficient to produce the unsaturated cycloaliphatic 
esters. The reaction is usually carried out at temperature from about -100°C. to about 80°C, preferably 
-10°C. to about 50 °C. The reaction may be conducted under atmospheric, i.e. ambient, subatmospheric or 
superatmospheric pressures, preferably at subatmospheric or atmospheric pressures, and most preferably 

25 at subatmospheric pressures. « 

Other ingredients may optionally be provided to the cycloaddition reaction. Catalyst may be used to 
improve reaction rate and the ratio of isomers produced, such as described by Sauer et al. in Tetrahedron 
Letters , (7), Pages 731-736 (1966). Suitable catalysts include, among others, one or more: aluminum 
chloride, aluminum (tri)chloride (di)etherate, boron trifluoride etherate, tin (IV)chloride, titanium tetrachloride, 

30 and others, and particularly methyl acrylate-aluminum chloride complex as described by Kojima et al. in the 
Journal of Organic Chemistry , 35(5), Page 1342 (1970). Suitable solvents may optionally be used, including, 
among others, one or more: methylene chloride, dioxane, methanol, ethanol, propanol, isopropanol, 
chloroform, dioxane, triethylamine, 1 ,2-dimethoxyethane, acetone, toluene, and others. Special solvents, 
such as lithium perchlorate in diethyl ether as described by Gaul in the Journal of the American Chemical 

35 Society , 112 , Page 4595 (1990) may be used to accelerate the reaction. 

The unsaturated cycloaliphatic esters so produced have mono- or polyunsaturation, as defined by m 
equal to 1 or greater than 1, respectively. When monofunctional, the esters have an alcohol moiety, of Rio, 
which is either hydrocarbyl having at least 5 carbon atoms or oxyhydrocarbyl, including functional groups 
like hydroxyl. 

40 

Transesterification 

A particularly useful technique for preparing a variety of unsaturated cycloaliphatic carboxylates and 
particularly multifunctional unsaturated cycloaliphatic carboxylates, is transesterification. Unsaturated 
45 cycloaliphatic esters can undergo transesterification by reaction with hydroxyl-containing compound, as set 
forth in Equation VI. 
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R 5 C(-R 6 )i_x 



R 5 C(-R 6 >i-x 




R*C 



RqO 

I II , 
C-CO-} m R' 



- { (R 7 CR B ) X + R 10< OH >n < VI > 



R 2 C(-R 1 )i_ x 



CH- 



R 2 C(-Ri>i- 3 



„ r a in Fnrm.ila V m identifying the number of hydroxyl groups in 
ln Equation V., n, R,-,. and x are as **ned mP orm ? tQ about 10; and r 1 is the residue 
hydroxyl-containing compound R (OHU « rt least : o .P compounds include, among others, one 

of the hydroxyl-containing compound. S ^ q ^^XuJo\ S , pentano.s, hexanois, cyc.ohexano.s, 
or more: alcohols, such as methanol, thano P r °P an0 ^ " Q|s P such as ethylene glycol di-, tr,-, 
phenols, decanols, dodecanaols, hexadecanols and others, glycc _ ^ ^ glycol 

Methylene glycols and other po. y (ett, ^^^Z^ poly(pro P y.ene oxide)s including 
as well as other poly(propylene glyco Is) polyols such as x tQ ^ 25% by 

ethylene oxide-capped and £ -caprolactone-cappec l™Py te ™ ^ e p * ^ |ene oxide / P ropylene oxide 
weight ethylene oxide or ,-caprolactone ox.de, random, block and M3 * t . val erolactone and 

copolymers, polylactone polyols ^^'^ polyester polyols inc.uding 

methyl valerolactone, propiolactone polyols ^^^^^L^ succinates, polycarbonate polyols, 
hexanedio. adipates, buty.ene adipates J^ inyl alcohol copo.ymers, styrene/ally. 

nydroxyl-terminated po.yethy.enes polyvinyl a ^ y ^l ceHulose cellulose acetates, hydroxyla.ky. 
alcohol copolymers, hydroxyethyl cellule ^SS^l alone or after reaction with various amounts 

y££2 X^^^ r ^ Zactone acry,ates that contain one or more 

n°ht p=a a r n ?e=' conditions for = ™ « ^VS^' 
including known, procedures for reactmg ste r w th hydroxy p ^ ^ 

unsaturated cycloaliphat.c transesters. The ^ntemp tQ ^ 3Q . C preferably 

octants used andis — atmospheric, i.e. ambient, subatmospheric or 

t^S»^^ at -atmo^ may be used . 

"other ingredients may optiona ly be p .ov.ded to th >«™^ n mow . tetrabutyltitana te; zinc acetate; 
Suitable transesterification catalysts sod!um and potassium phenoxides; lead oxide; ion 

titanium dioxide; sodium and potassium a *^l^^ rl1 £Btlon reaction can vary generally from 
exchange resins; and others. Time for conducing ^ emp|oyed and particu lar ingredients 

about 10 minutes to 40 or ^J^^^^^^be determined based on known techniques, 

tt^ZX^Z^ «<* P- «. 
50 Epoxi dation 

cvcoauphatic estars caa be - '°™ «— «** ^ *" 

useful products, as shown in Equation VII. 
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R 5 C <- R 6>1- X 



R 5 C(-R 6 )!_ X 
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\ R 9° 
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C-CO-) n R 10 



R 4 C 




\ R 9° 

Mil 
c-o 




(R 7 CR 8 ) X + 
CH 2 



QOOH 



{0 



(R 7 CR 8 ) X 



QOH (VII) 
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R 2 c <- R l>l-x 



R 2 C<-Ri>i-x 



In Equation VII, n, R1-10 and x are as described in Formula I, QOOH is an epoxidizing agent and QOH 

20 is the residue of the "epoxidizing agent after epoxidation. 

The unsaturated cycloaliphatic compounds can be epoxidized by any suitable, including known, means 
to form monofunctional or polyfunctional cycloaliphatic epoxides. Suitable epoxidation procedures are 
disclosed in U.S. Patents No. 2,716,123, No. 2,745,847, and No. 2,750,395; by Lee et al. in the Handbook of 
Epoxy Resins, McGraw-Hill Book Co., New York (1967), and by May et al. in Epoxy Resins Chemistry and 

25 Technology, Marcel Dekker, Inc., New York (1973). 

Any suitable, including known, epoxidizing agents, shown as QOOH is Equation VII, can be used. 
Usually, these agents can be formed in situ from hydrogen peroxide and an organic acid such as acetic 
acid, can be preformed and used as a~peracid, or can be in the form of a dioxirane such as dimethyldiox- 
irane. Illustrative peracids include, among others: perbenzoic acid; peracetic acid; perpropionic acid; 

30 perbutyric acid; percaproic acid; m-chloro-peroxybenzoic acid; perlactic acid; permonochloroacetic acid; 
permonosuccinic acid; t-butylperbenzoic acid; and others. The peracids are usually dissolved in a solvent, 
such as ethyl acetate, to minimize explosive and other hazards. 

The epoxidation reaction conditions are not critical and may be any suitable, including known, 
conditions for achieving epoxidation. Suitable temperatures range from less than about 5°C to about 90 °C, 

35 preferably from about 25 °C, to about 60 °C. The time required for reaction can vary depending upon the 
particular reactants charged, the temperature, and the batch size of the reaction mixture, such as well 
known to those skilled in the art of epoxidation chemistry. Usually, the oxidizing agent solution is carefully 
and very slowly added to the reactor containing the unsaturated compound, in either a neat form or 
dissolved in a suitable solvent, such as ethyl acetate, and held at a constant reaction temperature. The rate 

40 of oxidizing agent addition should be such that a desired maximum temperature is not exceeded. The 
exothermic oxidation reaction is controlled by cooling the reactants to the desired reaction temperature. 
Oxidizing agent addition is decreased or stopped when necessary to maintain temperature control. The 
reacting mixture may be quenched, such as by using an ice/water bath. The reaction product can be 
isolated by vacuum stripping of the oxizidiating agent by-product, such as acetic acid, that is formed and 

45 the solvent that had been used to dissolve the unsaturated cyclicaliphatic ester and/or oxidizing agent. If 
desired, the product may be redissolved and reisolated by vacuum stripping using conventional techniques. 
Other oxidation procedures, such as those employing acetaldehyde monoperacetate, hydrogen peroxide 
and in situ peracid generation, and the like, can also be used. 

50 Other Derivatizations 

Unsaturated cycloaliphatic esters can be reacted with hydrogen, as illustrated in Equation VIII, to form 
saturated cycloaliphatic esters, useful as solvents or as intermediates to other end uses. 
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R 5 C(-R 6 )l_x 



R 5 C(-R 6 )i_ x 



R 4 C 

{ (R 7 CR 8 ) X 



RqO 

C-CO-) n R 10 



10 



R 3 C 
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+ 

CH 2 



H- 



R 4 CH 



{ 



RgO 



I II , 
C-CO-} n R 10 



(R 7 CR 8 ) X | 



(VIII) 



R 3 CH 



CH- 



R 2 C(-R 1 )i_x 



R 2 C(-R 1 )i_ x 
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25 



30 



known. hydrogenation procedures s U «,c,ent » P™*" ™ 0 ^"" ^ 250-0.. prelerably from aboot 

catalyst may be used includ.ng, among ^I J^T'o mite in copper couple: aieo-oopper couple: 
^.,0^0^^^^ 

and others. ac ith hv droxyl groups, can be condensed with 

JZZ?Z%Z£ZZZ?~Z^ - - - '° rth in EfluMion 

IX. 



R 5 C(-R 6 ) !_ : 
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R^C(-R 6 ) 1 _ X 
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R 4 C 

{ (R 7 CR 8 ) X 



R 9 0 



OH 

C-CO-) n R 10 




R 4 C 



R 3 C 



45 



o 

II 



RoO (OC-) q R" 

| 9 H I 
C-CO-) q Rio 



+ R"(COOH) q - ( i^l^B^X 



CH- 



R 3 C 



(IX) 



CH- 



R 2 C(-Ri)i-x 



R 2 C(-R 1 ) 1 _ X 



50 



55 



,„ Eq „a,ion IX: , „,.,. and 

esters-having one or more free hydroxyl groups can be >™>££££Jl r . enantho i a ctones, /3-proprio- 
caprolactone, methyl caprolactones, '^^^^'^^yd^u™,,, or mixtures of these 

sssr* rm rs ne°; srxs: ryrsr- -u* - or 

without subsequent epoxidation. 
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Other derivatization reactions involving the unsaturated cycloaliphatic esters include transetherification 
reactions. The particular reaction conditions for transetherification are not critical and include conventional 
procedures known in the art. 

It is understood that the various derivatization reactions can be conducted in any permissible sequence. 
This invention is not to be construed as being limited to particular derivatization reactions or derivatization 
reaction sequences following the Diels-Alder reaction. 

Uses 

The unsaturated cycloaliphatic esters, and derivatives thereof, especially epoxides, can be used alone 
or in combination with a variety of other ingredients such as hydroxyl-containing compounds, other 
cycloaliphatic epoxides and glycidyl epoxides, acrylates, and other suitable ingredients to form coatings, 
inks, adhesives, sealants, in the photoresist market area for production of printing plates, printed circuit 
boards, and similar products. The ingredients may be reacted together by actinic radiation, such as 
ultraviolet light, with suitable photoinitiators, under suitable, such as ambient, conditions, or by means of 
thermal energy, when suitable blocked or free initiators or catalysts are employed. 

The cycloaliphatic epoxides of this invention are useful alone or in combination with other compounds 
to form a variety of articles of commerce including molded parts; coatings, inks, adhesives, and sealants 
cured by both thermal and ultraviolet light means as indicated above; acid scavengers; pharmaceutical 
products or intermediates for pharmaceutical products; flavors and fragrances; solvents; as well as other 
end uses. The epoxidized compounds of this invention may be used alone or in combination with other 
ingredients such as polyether, polyester, polycarbonate, and polylactone polyols; linear and cyclic vinyl 
ethers; anhydrides, and other ingredients known to those skilled in the art of product formulation. The 
unsaturated cycloaliphatic reaction products that are reduced or hydrogenated according to this invention 
have utility as solvents for various purposes such as dissolving polymers, decreasing viscosity of paint 
systems, paint removal, and the like. 

Hydroxyl-containing compounds that can be used in combination with the epoxidized cycloaliphatic 
esters or other derivatives include, among others: alcohols such as butanols, pentanols, hexanols, decanols, 
ethoxy and propoxy alcohols such as ethoxyethanol, propoxyethanol, ethoxypropanol, propoxypropanol! 
ethoxybutanol, propoxybutanol, ethoxyethoxy- and propoxypropoxy-ethanol, propanol, or butanol; glycols 
such as ethylene glycol, di-, tri-, tetra-ethylene glycols and other polyethylene glycols), propylene glycol, 
di- f tri-, and tetrapropylene glycol as well as other polypropylene glycols); polyols such as Afunctional 
polypropylene oxide) polyols including ethylene oxide-capped and e-caprolactone-capped propylene oxide 
polyols that contain up to above 25% ethylene oxide, or caprolactone as the capping compound, random, 
block, and graft ethylene oxide/propylene oxide copolymers, polylactone polyols including 6-caprolactone,' 
various methyl caprolactone, <5-valero lactone and methyl valerolactone, propiolactone polyols, poly- 
(tetramethylene oxide) polyols, polyester polyols including hexanediol adipates, butylene adipates, ethylene 
adipates, butylene succinates, polycarbonate polyols, hydroxyl-terminated polyethylenes, styrene/allyl al- 
cohol copolymers, hydroxyethyl cellulose, hydroxypropyl cellulose; and others. In the radiation and thermal 
cure formulations, these compounds serve to increase reaction rate and, when molecular weight is 
sufficiently high, to toughen and/or flexiblize the formed product. 

Suitable epoxides that can be used in combination with the epoxidized cycloaliphatic esters and if 
desired other ingredients including cycloaliphatic epoxides having an average of one or more epoxide 
groups per molecule, including, among others: 3,4-epoxycyclohexylmethyl 3,4-epoxycyclohexane carbox- 
ylates such as 3,4-epoxy-cyclohexylmethyl 3,4-epoxycyclohexane carboxylate, 3,4-epoxy-1-methylcyclohex- 
ylmethyl 3,4-epoxy-1-methylcyclohexane carboxylate, 6-methyl 3,4-epoxycyclohexylmethyl 6-methyl-3,4- 
epoxycyclohexane carboxylate, 3,4-epoxy-3-methyl-cyclohexylmethyl 3,4-epoxy-3-methylcyclohexane car- 
boxylate; 3,4-epoxy-5-methylcyclohexylmethyl 3,4-epoxy-5-methyl-cyclohexane carboxylate, and as de- 
scribed in, for example, U.S. Patent No. 2,890,194; diepoxides of cycloaliphatic esters of dicarboxylic acids 
such as bis(3,4-epoxycyclohexylmethyl)oxylate, bis(3,4-epoxycyclohexylmethyl)adipate, bis(3,4-epoxy-6- 
methylcyclohexylmethyl)adipate, bis(3,4-epoxycyclohexylmethyl)pimelate, and as described in, for example, 
U. S. Patent No. 2,750,395; other cycloaliphatic diepoxides including 2-(3,4-epoxycyclohexyl-5,5-spiro-3,4- 
epoxy)cyclohexane-m-dioxane, halogen or monovalent hydrocarbon variations of this compound, and the 
like as further defined in U.S. Patent No. 3,318,822; cyclopentadiene diepoxide, cyclohexane diepoxide; and 
preferably 3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexane carboxylate, bis(3,4-epoxycyclohexylmethyl)- 
adipate, 2-(3,4-epoxycyclohexyl-5,5-spiro-3,4-epoxy)cyclohexane-m-dioxane, or mixtures thereof. 

Cycloaliphatic monoepoxides may also be used, in combination with the epoxidized cycloaliphatic 
esters, which may be an unsubstituted monoepoxide, such as cyclohexene oxide, or a monoepoxide 



11 



EP 0 520 419 A2 



10 



15 



20 



alkvl substituted monoepoxide like 4-vinyM .2-epoxycyctohexane, 4 vinyl P y .^.^ ^ 

tnoepoxide. The amount ot cyc.oaHphat* ^"^f^^ from about 1 to about 20 
SX-^--«,KttS ~ ot Bispheno,-, digtycidy, 

e he s of 1,4-butanediol, and the like can be ^^^Z^smu^, linear or cyclic, vinyl ethers, 
Radiation-curable compositions may conta, "^S^SrS^ran. pyran. 2-methoxy dihydropyran, 
such as acrolein dimer, acrolein tetramer, eSer butyl vinyl ether, and others. 

Xylene glycol divinyl ether, 1 .4-cyclohexaned^e *«^2L55^ Inch*, among others, one or 
Photoinitiators which may be used in ^ P^ST^ cSS^ed in U.S. Patent No. 3,379,653; bis- 
more: metal fluoroborate; complex o ^ n J^^",,,*^. Patent No. 3,586,616; aryl diazomum 
(perfluoroalkyl-sulfonyl)methane metal sal t as ^escnbed » " ^ of Group via elements as 

compound as described in U.S. Patent No. 3 708 ,296, atom ^ as described in u s. 

STcribed in U. S. Patent No. ^^^^ n ^J^St as described in U.S. Patent Na 
Patent No. 4,069,055; dicarbony. chelate , of a Group m Group Vlb element in an MFs-anjon 

4,068,091; thiopyrylium salt as descnbed m , Patent Na jn y g ^ Nq 4.161 478 

where M is selected from phosphorous^ antimony ^and aromatic iodonium complex salt and 

arylsulfonium complex salt as descnbed ,n U&ftM :Na ^ 4256>828; bis( 4-(diphenylsulfon,o)-pheny0 
aromatic su.fonium complex salt, as de scr .bed n UAJ Patent and the |ike as descnbed 

sul fide-bis-hexaf.uorometa..ic salts such as the Pj-g^J» and preferably cationic photoinitiators 

Watt et al in J. Polymer Sci.: Polymer Chem. Ed 22. l/aa t , containing complex 

' ITudtng arylsTiRo^rm-c^.ex salts, ^^^JHS 2 FX-512 (3M Co.), UVR-6990 and 
ions, and aromatic onium salts of Group II, V and VI eleme ^ 4 and UVE . 1016 (Ge neral Electric 

UVR-6974 (Union Carbide ^ Chemicals , anc P ast,cs Co. j ^ photocurable composition m ay also 
Co) KI-85 (Degussa), and bP-it>u anu or v 
o contain benzophenone or a derivative of benzop *»™>- of the epoxidize d cycloa.iphatic 

These photoinitiators generate both t ^-"^^^ ujBB , such that photocurable compositions 
esters, and free radicals, which can be from ethylenica.ly unsaturated monomers 

may also contain acrylates. Suitable acrylates maybe *nvea polyhyd ric compounds, such as 

S as: esters of acrylic and methacry lie acid -*h monohydnc a P ^ ke 

methyl, ethyl, propyl, butyl, party), hexyl. octyl. f^^^^ 

neopentyl diacrylate, esterdiol diacrylates such as ° J trj and tet raacrylate, hydroxye thyl 
ypropionate diacrylate, trimethylolpropane ^J^^^S^mmi acrylates. propyoxylated acrylates, 
acryiate, hydroxypropyl * c ^* e ' ca ^**™™^^ diacrylate, ethoxyethy. acry.ate, 

glycerol acrylates, triethylene glycol d^ate tet JJ " 3 . butylene glycol diacrylate 14- 
cyclohexyl acryiate, 2-phenoxyethyl acryiate. .sobomy aery corresp0 nding methacrylates; 

b y utenedio y . diacrylate, 1 ,6-hexanedio. d.acry.ate jJ^ ( 2^° or polym ers which can be used ,n 
styrene; divinylbenzene; N-vinylpyrrol.don .and *»_ « ^ cQ acry)ates; capro lactone d.-, 

photopolymerizable compositions ^^^^^L 9 lyco? acrylates; ethoxy.ated or propox- 
tri-, and tetracrylates; tripropylene glycol ^^^°S^SL. such as ethoxylated or propoxylated 2.2- 
« vlated Bisphenol A diacrylates; alkoxylated esterd.ol «J« ' acry | a tes of caprolactone reacted 

" dimet,3Vox yP ropy,2^ ethoxylated or propoxylated 

with esterdiols; ethoxylated or propoxylat ed J"^^ P containing e thylenic unsaturate from maleic 
pentaerythrio. dK tri, or tetracrylate; *«^^^. ^fine acrylates; epoxy acrylates; acrylated 
fumaric, citraconic, or other unsa turatec d ^^f^, other , Photo curab.e compositions may also 
50 ■ polybutadiene; acrylated linseed o.l; acr ylate pho toinitiator when acrylates are present. 

contain hemolytic fragmentation-type, free rad, ^ or coating containing the unsaturated 
Photopolymerization may be earned out by exposing x short-wave radiation. 

cyc.oa,iph P atic esters or ^-.v^ J^' e |^^ , ^ r S B ^rs In wavelength. Illustrative of 
Particularly useful is radiation of about 200 to «™ d „, h essure mercury vapor lamps, 

55 appropriate light sources are low pre ssure. medium P^'J^J*^ mercury , a mps. and the like. 
— and other ^ZX"^^^^ radiation. X-rays, sunlight, and so on can 
Other sources of radiant eneryy =>u^i. 



35 



40 



also be used. 
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The photocurabie compositions may contain, exclusive of photoinitiator, from about 25 to 100 percent of 
the cycloaliphatic epoxides, from 0 to about 60 percent of hydroxy l-containing compound, from 0 to about 
75 percent of other, cycloaliphatic or other epoxide, from 0 to about 60 percent vinyl ether, and from 0 to 
about 60 percent acrylate. The photocurabie compositions may also contain other ingredients such as one 

5 or more surfactants, flow and leveling agents, fumed silicas, silicone oils and other slip agents, and other 
ingredients suitable for coatings. 

The thermally-curable compositions can contain suitable, including known, catalysts such as sulfuric 
acid, hydrochloric acid, p-toluene sulfonic acid, methyl sulfonic acid, phosphoric acid and alkyl derivatives 
of phosphoric acid, maleic acid, trimellitic acid, triflic acid, salts of triflic acid such as the diethylammonium 

w salt of triflic acid, the ammonium salt of triflic acid, the stannous salt of triflic acid, stannous octanoate, 
uranyl nitrate, zinc octanoate, and the like, including mixtures of these catalysts. The thermally-curable 
compositions may contain, exclusive of catalyst, from about 25 to 100 percent of the cycloaliphatic 
epoxides, from 0 to about 60 percent of a hydroxyl-containing compound, and from 0 to about 75 percent of 
other cycloaliphatic or other epoxide. The thermally-curable compositions may also contain other ingre- 

75 dients such as one or more surfactants, flow and leveling agents, fumed silicas, silicone oils and other slip 
agents, and other ingredients suitable for coatings. 

The crosslinkable coating compositions can also contain other suitable ingredients like pigments, fillers, 
surfactants, flow and leveling agents, fumed silica, slip agents, and other additives useful in coating 
compositions, in suitable, including known, quantities. Selection of particular coating additives may follow 

20 established practice. In preparing the crosslinkable polymeric coating compositions, the ingredients can be 
mixed by any suitable means, including conventional procedures used in the production of paint, ink, 
adhesive, and sealant compositions. The coating compositions may be applied to a surface or substrate by 
any suitable, including conventional, means. Thermal curing can be conducted by heating at a suitable 
temperature generally from about 50° C to about 275° C, preferably from about 90° C to about 200° C, for a 

25 period of time sufficient to obtain a dry film. Generally this time will range from about one minute to about 
two hours. The components present in a particular crosslinkable polymeric coating composition will 
determine the temperature and time that will be required to obtain an adequate cure and a good coating 
film. 

30 Examples 
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The following examples present illustrative embodiments of this inventionand are not intended to limit 
its scope. All of the parts, percentages and proportions referred to herein, including the claims, are by 
weight unless otherwise indicated. The following terms used in the examples have the following meanings: 



Designation 



Photoinitiator I 
Polyol I 

Polyol II 

Epoxide I 



Epoxide II 
Surfactant I 



Description 



Hexafluoroantimonate sulfonium salt, available as CYRACURE™ 
UVI-6974 from Union Carbide Chemicals and Plastics Company Inc. 
Propylene oxide polyol with an average hydroxyl number of 112 and an 
average equivalent weight of 500, available as NIAX™ Polyol LHT-112 
from Union Carbide Chemicals and Plastics Company Inc. 
Trihydroxyl functional e-caprolactone polyol with an average hydroxyl 
number of 312 and an average equivalent weight of 180, available as 
TONE™ -0305 from Union Carbide Chemicals and Plastics Company Inc. 
3,4-Epoxycyclohexanemethyl 3,4-epoxycyclohexanecarboxylate, available 
as CYRACURE™ UVR-6110 from Union Carbide Chemicals and Plastics 
Company Inc. 

1 -Vinyl 3,4-epoxycyclohexane. 

A silicone-alkylene oxide copolymer, available as SILWET™ L-7604 from 
Union Carbide Chemicals and Plastics Company Inc. 



55 



Measurements and test procedures used in the examples are as follows: 

Solvent Resistance (Double Acetone Rubs): A measure of the resistance of the cured film to attack by 
acetone in which a film coating surface was rubbed with an acetone-soaked cloth back and forth with hand 
pressure. A rub back and forth over the film coating surface with the acetone-soaked cheesecloth was 
designated as one "double acetone rub". 

Pencil Hardness: Pencil leads of increasing hardness values were forced against the film coating 
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70 



75 



20 



35 



40 



^ ■ aqtm rm63-74 until one pencil lead cut through the 
surface in a precise* defined manner as descnbed ^WJ 74 un ^ ^ ^ 

surface of the film coating. The surface hardness was cons fo ^ reported as 

failed to cut or mar the film coating surface. The ^Meads £° and gH 

^os^ 

~- — 9 - the scored area is the " percent 

Crosshatch Adhesion". cured film coa t ing on a substrate to resist 

GandjieMmpacU^ A measure of ^ ^ y Jester equipped with an eight-pound dart 

rupture from a fall.n^eighTA Model 10-1120 Gardner imp ^ & ^ heigM , n 

was used to test film coatings cast and cured on steel panels Th ^ |mpact 

inches and dropped onto either the coated , de ^ isXance) . The height-of-drop ,n 

srsr 5^7^°^ = by the fi,m without reptur,n9 

was recorded as the films direct or reverse impact resistance. 
F xamoles 1-17: Cycloaddition 

TheS e examples describe reacting 
cycloaliphatic esters. Specific reactants, and amounts, ^ 9-ven m g 

,n Example 1. 100 ml of toluene so. vent a ind E ^JJ^J^ eq , uipped with a water-cooled reflux 
catalyst were added to a three-necked one-l.ter ^J^JJ u J er 7 nitrogen blanket and the flask 
condenser, thermometer, and •^^ M 1 ^7^^S^J^ mn in Table A dissolved in 50 ml of 
contents were stirred as the indicated amount ^^^^J^ by the dropwise addition of the 
toluene was added dropwise over a a one-hour period. The reaction 

indicated amount of diene given in Table A , in 2 ml of ^ cold water After 

temperature was maintained at 30 ' ^* ^ witn sti rring, onto a mixture of 200 ml of 
additional two hours of stirr.ng, the reactor contents were , po ^ {rom ^ water 

ice and 10 ml of concentrated hydrochlonc acid The _°'9™ c *J e ^ solutjon and wate r. The 

, and washed successively with 100 ml portions ^J^J^ times to produce a total of 1328 
reaction was upscaled by a factor of 2 5 and earned out t and 2g% prQduct The 

grams of crude product with the following a 20-tray Oldershaw column and a 

mixture was transferred to a three-liter, round-bottom flask WP«*™ (86 o /o yield bas ed 

Pooled automatic reflux head. Distillation ^^T^S.^ 5 1WC. at 145 mm Hg. 
on combining ratios of original reactants) with a 99 / .purity and a g 

The ,oW e= --c-ad^^ that the dienophile s and dienes 

^T^^r, of -ene-e. and ^^^^ 

chloride catalyst are added to a three-nec ked two -l.ten round bott r and 

reflux condenser, thermometer, and f^J^^^^l of dienophi.ic ester given in Table A 
flask contents cooled to O'C. and starred as the rt « ^ ^ by ^ 

dissolved in 100 ml of toluene « slowly Mjddad ove a 45 m p toiuene ^ _ ^ Jhe 

addition of the indicated amount of diene given ,n Table A ^ 00 ^ ^ ^ 

reaction temperature is slowly '"creased to 25 ^VjJJ^ £ witn stirrin g, onto a mixture of 400 

weight volatiles and toluene. followed using the amounts of diene and dienoph.lic 

in Example 16, the procedure of Example 2 is fol^wec I using tQ ^ and ^ 

ester given in Table A except for the ^oUow.ng ™ « ,s ^ ^ ^ ^ ( 

reaction temperature is slowly ^creased to 5 ^ and held t occasionally cooling the reaction flask 

i ft «rjr oTsar se^x -^v an ad di ti 0 n, two ^ - «« 

is isolated using the same procedure. _ amounts of diene and dienoph.lic 
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blanket at 25 6 C. and the reaction temperature held at 25" C. for 3 hours and then slowly increased to 
40 °C. and held there for 60 minutes. The same procedure is followed to produce and isolate product 
except that 600 grams of ice are used. 
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Notes for Table A: 

a - Having a structure as shown in Fagure 1 with the 

noted substituents . 
b - Cyclo-C 5 - 1,3-cyclopentadiene 

c - Cyclo-C 5 TMS - i,3-cyclo P entadiene-5-yltrimethyl- 
silane 

d - HEA - hydroxyethyl acrylate 

e - HPA - hydroxypropyl acrylate 

f - HEMA - hydroxyethyl methacry late 

g - HPMA - hydroxypropyl methacry late 

h - DPPA - dipentaerythritol pentacrylate 

i - TMPTA - trimethylolpropane triacrylate 

j CH 2 CH(CH 3 )OH 

k - [(-CH 2 ) aa (HOCH 2 ) bb (CH 2 .CHCOOCH 2 ) cc CCH 2 ] 2 0 

wherei/aa is 5, bb is 1 and cc is 0. 
1 - [<-CH 2 ) aa (HOCH 2 ) bb (CH 2 .CHCOOCH 2 ) cc CCH 2 ] 2 0 

wherein^a is 4, bb is 1 and cc is 1. 
n - [( -CH 2 ) aa (HOCH 2 ) bb (CH 2 =CHCOOCH 2 ) cc CCH 2 ] 2 0 

wherein aa is 3, bb is 1 and cc is 2. 
n - [(-CH 2 ) B8 (HOCH 2 ) bb (CH 2 -CHCOOCH 2 ) cc CCH 2 l 2 0 

wherein aa is 2, bb is 1 and cc is 3. 
o - [(-CH 2 ) aa (HOCH 2 ) bb (CH 2 -CHCOOCH 2 ) cc CCH 2 ] 2 0 

Wherein'aa is 1, bb is 1 and cc is 4. 
p - t(_CH 2 ) aa (HOCH 2 ) bb (CH 2 -CHCOOCH 2 ) cc CCH 2 ] 2 0 

wherein^a is 0.5, bb is 1 and cc is 4.5. 
q - <-CH 2 ) 3 CCH 2 CH 3 
r - (-CH 2 ) n C(-CH 2 OCCH-CH 2 ) 3 _ n 

CH 2 CH 3 O 

Pv^mnlg s 18-40: Epoxidation and Other Denizations 

These examp.es deserve various reactions of SEX 
hydrogenation, (trans)esterification, and othe rdm^ 47, unsaturated cycioaliphatic 
Table B using the following procedures. ^amples 18 ^9 37 38 ^ ^ ^ ?5 

esters were epoxidized as shown .n Equat.on VU. ^ a ^ eS ' Examples 48 . 50 and 57-59, 
unsaturated cyloaliphatic esters are epo,diz , s shownjn Equat^n ^ ^ ^ 

unsaturated cyloaliphatic esters are h <^^^^J^SS. as shown in Equation IX. In Example 

r-sas^^ " E - tion Vl - other derivatizations are 
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shown in Examples 39-42, 51-53, 60-62 and 66-68. 

In Example 18, 50 m! of methylene chloride solvent and 36.6 grams (0.200 mole) of the Example 1 
product were added to a three-necked, two-liter, round-bottom flask equipped with a water-cooled reflux 
condenser, thermometer, and dropping funnel. The compounds were well mixed. A solution containing 42 
grams (0.243 mole) of meta-chloroperoxybenzoic acid epoxidizing agent and 800 ml of methylene chloride 
was prepared in a glass container. This solution was added to the reaction flask through the dropping funnel 
over a 65-minute period with stirring. The temperature was initially 25 6 C. and is 29 °C. at the end of the 
addition. The solution temperature dropped to 25 °C. over a 90-minute period. Then, the system was 
warmed to 40 °C. and maintained at this temperature for 2.5 hour. Heating was discontinued and the 
reaction mass was allowed to stand under ambient conditions overnight (about 17 hours). The cured 
product was cooled by placing the reaction flask in an ice-water bath, and then filtered through a Buchner 
funnel to remove the meta-chlorobenzoic acid that formed during the epoxidation. The filtered methylene 
chloride containing the epoxide was then placed in a two-liter separatory funnel and washed with saturated 
sodium bicarbonate solution, with the pH of the organic layer and the neutralized bicarbonate analyzed until 
the organic layer was neutral. Then, the organic layer was washed with 50 ml of saturated, aqueous sodium 
chloride solution. The organic layer was dried over anhydrous magnesium sulfate for 45 minutes and 
filtered. The methylene chloride solvent was removed by simple distillation until the volume was about 100 
ml. Chromatographic analysis of the product indicated that it contained 18.42% methylene chloride, 35% 
starting unsaturated ethyl ester, and 45.81% of a mixture of the corresponding epoxidized compounds, such 
as shown by Equation VII. The product was then vacuum distilled from a 200 ml round-bottom flask 
equipped with a 37 cm column packed with 1/8-inch glass helices. The fraction boiling at 126-137° C. and 4 
mm Hg pressure was collected as the desired epoxide mixture. Chromatographic analysis indicated the 
product was about 97% of the mixed epoxide isomer and 2.67% of the starting unsaturated ethyl ester. 

In Example 19, an unsaturated cycloaliphitic ester was initially made using a 500 ml, round-bottom, 
glass reaction flask equipped with a stirrer, a temperature measuring device, and a 20-tray Oldershaw 
column and decanting head which was charged with 53 grams (0.42 moles) of 3-cyclohexene-1-carboxylic 
acid, 116 grams (2.5 moles) of absolute ethanol solvent, 100 ml of cyclohexane azeotroping solvent, and 
0.30 grams of sodium hydrogen sulfate esterification catalyst. The stirred reaction mass was brought to 
reflux and the upper layer of the water/etnanol/cyclohexane azeotropic mixture was returned to the column. 
After a reaction time of 12 hours, chromatographic analysis indicated that the 3-cyclohexene-1-carboxylic 
acid had been quantitatively converted into the corresponding ethyl ester. The excess ethanol was then 
evaporated under a vacuum of 100 mm Hg. The reaction mixture was diluted with cyclohexane, 50 ml, and 
successively washed with 50 ml portions of a saturated sodium bicarbonate solution and water. The organic 
layer was dried over anhydrous magnesium sulfate and transferred to a 200 ml flask and distilled under 
vacuum through a 37 cm column packed with one-eighth-inch glass helices to yield 47 grams (73% yield) 
of the desired ethyl ester (b.p. 1 16-1 18° C. at 100 mm Hg) with a purity exceeding 99%. 

In Example 19, epoxidation was conducted using a 3-neck, 200 ml, glass round-bottom flask was 
equipped with a water-cooled reflux condenser, thermometer, and addition funnel and charged with 45 
grams (0.29 mole) of the product of the designated examples. While stirring, 90 grams (0.29 mole) of a 
25% solution of peracetic acid epoxidizing agent in ethyl acetate solvent was added dropwise to the 
reaction flask over a one-hour period. The reaction temperature was maintained below 80° C. by cooling the 
flask with cold water. After all the peracetic acid solution had been added, the reaction mass was stirred for 
an additional 30 minutes and then washed twice with 60 ml portions of water followed by two washes, 60 ml 
portions, with an aqueous saturated sodium bicarbonate solution. The organic layer was dried over 
anhydrous magnesium sulfate, filtered, and transferred to a 200 ml round-bottom flask. The product was 
distilled under vacuum through a 37 cm column packed with one-eighth inch glass helices to give 28 grams 
(57% yield) of ethyl 3,4-epoxycyclohexanecarboxylate, b.p. 87-88 'C. at 1.0 mm Hg, purity exceeding 99% 
was provided. 

In Examples 20-35, the epoxidation procedure of Example 19 is followed except that the unsaturated, 
esters identified in, Table B are used. 

Example 36 describes the preparation of 2-propoxyethyl 3-cyciohexenecarboxylate. A 500 ml, round- 
bottom flask equipped with a 10-tray Oldershaw column and decanting head, thermometer, and a 
connecting tube with stopcock was charged with 126 grams (1.0 mole) of 3-cyclohexene-1-carboxylic acid, 
99 grams (0.95 mole) of 2-propoxyethanol, and 100 ml of toluene. The reaction mass was stirred and 
brought to reflux. Then 1.1 grams of titanium tetrabutoxide was added via the connecting tube. The 
temperature of the reaction mass was slowly increased to 200 ° C. and held at this temperature while 
removing water and solvent overhead. After a reaction time of 8 hours, the product was cooled and washed 
with 50 ml of dilute phosphoric acid (10 weight percent in water) and filtered to remove the titanium salts. 
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25 



* a f,~™ th* watPr laver and the organic layer was successively washed with 

pX b ES5 rSLTTSSJtf! » « s |n ;rr „,. used ,n ., 

LU^c analysis indicated the f^T^JS^M and he corresponding triepoxid. were 

In Example 38 tnmedtylolp^^^^^ 
mad., in the same manner as deacnbed I ml Example 36. 124 9™"^ <2 U t h y l-2.hydroxyme,hyl)-1,3- 
acid was reacted with 43 prams (0.32 mote) of ™*»«* * ' „, ^ metnytolpro pane tris(3- 
propanediot. Puntic.bon ot the pre a pro due, y elde ^33 > ^ ^ _ 

%5S2ZE£!££Z £ use'd in Lmple ,3. and chromatographic analysis indicated tba, 
the product was Irimethylolp.opane t,is(3.4-o,clohexan. carboxyat.V 

made of the designated diisocyanate is siowiy aaaeu ^r^t hw.^of either an ice/water 

temperature of 60 ' C. The temperature h«MU J^^^ * to eact with the hydroxy, groups 

r^ffi - «— isocyanate or by 

^SXTTi- P^ucts of Examp.es 39-42 are epoxidized by the same procedure as 
described in Example 31. ^ rarhnxvlic acid were reacted with 46 grams 

re ac^r,or:r^ 

, the esters are hydrogenated to form saturated "^SSSS? sucTas methyl isocyanate. buty. 

-ir^prmCe^,^ 

or in combination to form the correspond.ng unsa turate d cycle hexene ad d ^"J^^ ides 
adducts are epoxidized following the procedure descnbed ^^^^^^^^ 5 1-53. In 

of Example 63-65 are reacted f * anh V dride and/ ° r 3 

s Examples 69-71, two moles of the adducts of Examples ™ anhydride or acid, 

percent tetrabutyltitanate transester.f.cat.on catalyst, are .placed I ir a sura ^ ^ 

S5 corresponding butyl ester product « 'eoovered ^r ^ aescribecl ,„ Sample 3, 



18 



EP0 520 419 A2 



grams (0.125 mole) of tripentaerythritol. The resulting reaction product, tripentaerythritolocta- 
(cyclohexenecarboxyJate) is formed as a viscous compound. 

In Example 75 the product of Example 74 epoxidized by the procedure described in Example 31. 
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Examples76-92^ 



"^^scribe coa ting T po^^ 
esters produced in previous exempts, n E ^* t e 37 stee. panels with a No. 20 wre- 

amber-oolored, glass bott.es, m.xed we., onto ^ source (Fus^n 

wound rod. The coatings were cured by pass ngwen re was exposed t0 the 

Systems Type A lamp) at 10 feet per m.nute. A seC0 nd panel coated in the same 

SSL light radiation and a.lowed to for 24 h 0 befo^ J** exposure . Tne coatings 

manner was given a thermal post cure of 10 ^ the results liste d in Table D. After erther 

were tested using the previously described est P™£J£VJ thermal post cure , the Example 76 coat-ng 
ultravio.et light exposure alone or ultrav.olet had a glass transition temperature below 

SSSS 2£S£S^ of Example 18 was a react.ve d.uent for 
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ultraviolet light curable coatings and other systems. When used in such coatings, it yielded properties that 
were comparable to or better than (impact resistance) those that were obtained with a known reactive 
diluent. 1-v,nyl-3,4-epoxycyclohexane. Since the Example 18 product had a residual tackiness, it has a 
potential for use in certain adhesives. 

In Examples 81-83, the ingredients listed in Table C were placed in amber bottles, well mixed and 
coated onto Bonderite 37 steel panels with a No. 20 wire- wound rod. The coatings were cured with a 300 
watt per ,nch ultraviolet light source (Fusion Systems Type A lamp) at 10 feet per minute. One set of coated 
panels was only exposed to the ultraviolet light source and then allowed to stand at room temperature for 
24 hours before testing. A second set of coated panels was given a 10 minute, 100'C. thermal post cure 
after ultraviolet light exposure and then tested. Film thickness was 0.0008 inches (0.8 mil) for all samples 

In .Examples 84-87, the ingredients listed in Table C were placed in glass bottles, well mixed, and 
coated onto Bondente 37 steel panels with a No. 20 wire-wound rod. The coatings were cured with a 300 
watt-per-.nch ultraviolet light source, Fusion Systems Type V ultraviolet lamp) at 10 feet per minute The 
resultant coatings had excellent adhesion and solvent- resistance, were quite hard, and displayed good 
impact resistance when tested directly on the surface of the coating exceptor the coating of Example 86 
which ^splayed a combination of high hardness and toughness with excellent impact resistance when 

substrate ^ ° n SUrfaCG ° f C ° ated SUbStrate fr ° m the reverSG Side of the coated 

In Examples 88-92, the ingredients listed in Table C were placed in glass bottles, well mixed, and 
coated onto Bondente 37 steel panels with a No. 20 wire-wound rod. The coatings were cured with a 300 
watt-per-.nch ultraviolet light source, Fusion Systems Type V ultraviolet lamp) at 10 feet per minute The 
resultant coat.ngs were hard and had excellent adhesion and solvent resistance, and displayed good impact 

S^resiSS^ te8ted direCt ' y ^ SUrfaCe ° f C ° atlng " C ° ating ° f Examp ' e 92 WaS n °* tested for 

Table C 



Coating Formulations 



Ex. 



76 
77 
78 
79 

80 

81 
82 
83 
84 
85 
86 
87 
88 
89 
90 

91 

92 



Cycloaliphatic Epoxide 



Ex. 



18 
18 
18 



19 
19 
19 

37 
37 
37 
37 
38 
38 
38 

38 
38 
19 



Amount 



4.83 
1.45 
1.45 



1.83 
1.45 
1.45 

2.93 
2.75 
2.93 
2.75 
3.03 
2.05 
2.04 

0.695 
0.286 
0.217 



Epoxide 



8.20(1) 
6.20(1) 
8.20(1) 
1 .45(H) 
6.20(1) 
1 .45(H) 

8.20(1) 
6.20(1) 

1.96(1) 

1.96(1) 

1.01(1) 

0.54(1) 

0.50(11) ' 

0.042(11) 

0.076(1) 

0.070(11) 



Polyol 



2.00(1) 
2.00(1) 

2.00(1) 



0.70(11) 
0.60(11) 



0.072(11) 



Photoinitiator 



0.15(1) 
0.30(1) 
0.30(1) 
0.30(1) 

0.30(1) 

0.15(1) 

0.30(1) 

0.30(1) 

0.118(1) 

0.118(1) 

0.07(1) 

0.11(1) 

0.033(1) 

0.028(1) 

0.08(1) - 

0:008(l) 
0.011(1) 



Surfactant 



0.02(1) 
0.05(1) 
0.05(1) 
0.05(1) 

0.05(1) 

0.02(1) 
0.05(1) 
0.05(1) 



0.02(1) 

0.15(1) 

0.025(1) 

0.022(1) 

0.024(1) 

0.006(1) 
0.003(1) 
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Table D 



Coating Ex. 



15 



20 



Double Acetone Rubs 
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100 


80 


100 
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-(3) 
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>100 


83 


>100 
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>100 
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>100 
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>100 
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>100 


88 


>100 
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>100 
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>100 


91 


>100 


92 
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Coatings Analysis 

[^ndi Hardness | Gardner Impact Resistance_ 



Direct 



Reverse 



30 



temperature. 

AHhoo* « lovonson has been i»u sBa .ed b» cert* J>«^^^Z T,* "J'JSn^ 
35 thereof. 



Claims 



1. A process for producing an 



40 



unsaturated cycloa.iphatic ester represented by the formu.a: 
R 5 C(-R 6 ) i_x 



45 




C-CO-) n Rio 



{ (R7? R 8>x 



50 




CH- 



55 



R 2 C(-Ri) l-x 



22 



EP0 520 419 A2 



wherein: 

n is at least 1 ; - 

Ri-8 are each, independently, hydrogen, C,- 10 hydrocarbyl with or without halo substitution halo 
cyano, or silyl; 

R9 is hydrogen, methyl, or ethyl; 

Rio is hydrocarbyl or oxyhydrocarbyl, provided R, 0 has at least 5 carbon atoms or is oxyhydrocar- 
byl or is -CH = CH 2 when n is 1 ; and 

x is 0 or 1; 
which comprises reacting: 

(1) a diene represented by the formula: 

R 5 
I 

R 4 C=C(-R 6 ) 1 _ x 
(R7CR 8 ) X 

R 3 C-C<-R 1 ) 1 _ X 
R 2 

wherein R t - 8 and x are as defined previously, with: 

(2) a dienophilic (meth/eth)acrylate represented by the formula: 



RqO 
I II 

(H 2 C-C-CO-) n R 10 

wherein R9-10 and n are as defined previously. 

The process of Claim 1 wherein the diene is 1 ,3-butadiene, isoprene, 1-3-dicyclopentadiene or 1-3- 
cyclopentadien-5-yltrimethylsilane. 

The process of Claim 1 wherein the dienophilic (meth/eth)acrylate is trimethylolpropane triacrylate 
hydroxyethyl acrylate, hydroxyethyl (meth)acrylate, hydroxypropyl acrylate, hydroxypropyl (meth>- 
acry late, d.pentaerythritolpentaacrylate, pentaerythritol, dipentaerythritol, tripentaerythritol or a polymer 
or oligomer containing free hydroxyl groups. 

An unsaturated cycloaliphatic ester represented by the formula: 
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R 5 C(-R 6 )i_ x 




R 9 0 



I II 

C-CO-) n R 10 



R 2 C(-R 1 )i_ x 



wherein: 

n is at least 1 ; hvdrocarbvl with or without halo substitute, halo, 

r,_ 8 are each, independently, hydrogen, Ci-io hydrocarbyi w 

cyano; or silyl; 

R 9 is hydrogen, methyl, or ethyl; bon atoms or is oxyhydrocar- 

r'o is hydrocarbyi or oxyhydrocarbyl. provided Rio has at 
byl or is -CH = CH 2 when n is 1; and 
x is 0 or 1; 

A cycloaliphatic epoxide represented by the formula: 

R 5 C(-R 6 )l-x 



' 9 » > R 

C-CO-) n Rio 




R 2 C(-R 1 )i_ x 



wherein: 



cyano, or silyl; 

- - — 5 r*- a,oms or is ° xvhyd,oca " 

byl or is -CH = CH 2 when n is 1 ; and 
xisOorl; 

6. A saturated cycloaliphatic ester represented by the formula: 
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R 5 C(-R 6 >i_ x 



R 4 C 



/ 



C-CO-} n R 10 



{O 



(R 7 CR 8 ) X 

CH 2 





R 2 C(-R 1 ) 1 . X 



wherein: 

n is at least 1 ; 

R1-8 are each, independently, hydrogen, C1-10 hydrocarbyl with or without halo substitution, halo, 
cyano, or silyl; 

Rg is hydrogen, methyl, or ethyl; 

Rio is hydrocarbyl or oxyhydrocarbyl, provided Rn 0 has at least 5 carbon atoms or is oxyhydrocar- 
byl or is -CH = CH 2 when n is 1 ; and 
x is 0 or 1 ; 

An unsaturated cycloaliphatic ester which is the transesterifi cation product of an unsaturated 
cycloaliphatic ester of Claim 4 reacted with an active hydrogen compound. 

A cycloaliphatic epoxide which is the transesterification product of a cycloaliphatic epoxide of Claim 5 
reacted with an active hydrogen compound. 

A saturated cycloaliphatic ester which is the transesterification product of a saturated cycloaliphatic 
ester of Claim 6 reacted with an active hydrogen compound. 
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